SHORT POURED- | N- PLACE CONCRETE PI LES

TO RESIST UPLIFT AND LATERAL LQADS

| NTRODUCT! ON

Chcasionallr it is necessarr to determne the caPacity of short
Foured-in-p ace concrete piles used to resist uplift and

ateral loads. The following is a brief review of the
techni cal aspects and a procedure which can be used for
investigating rigid piles. This is not a conprehensive
coverage of the subject - there are soil conplexities not _
covered, and sone caution should be used in Its application if
primary | oads of extended duration are to be support ed.

The pile must have the structural capacity to resist tensile,
shear and bending stresses. Reinforcing steel should extend
the full length of these piles.

The O fice of Geotechnical Engineering of the Division of New
Technol ogy, Materials and Research in Sacranmento has furnished
the Ofice of Structure Construction criteria for the analysis
of | oadings on poured-in-place concrete piles. The analysis is
dependent on proper selection of soil type. It will be
inportant to determ ne whether the soil into which the pile is
constructed is principally cohesive or cohesionless.

Anal ytical results for pile uplift and lateral |oading
represent ultimte resistance val ues.

Load resisting capacity is dependent upon the characteristics
of the soil into which the pile has been cast. Prelimnary
assunptions nay be nmade about soil properties at the tinme of
review of the working drawings. A final determnation of the
pile's capacity should be nmade, however, when the ﬁile hole is
excavated and the actual soil can be inspected. The type of
soil in the upper third of the hole, its degree of conpaction
and whet her ground water is (or may be), encountered are of
primary inportance.

Pile |oadings are considered in three separate categories;

Pile Uplift, Lateral Loads, and Resistance to Conbined Uplift
and Lateral Loads - all with sanple problens.
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PlLE UPLIFT

Pile uplift, acting either vertically or at an angle is
resisted by soil-pile friction (shearing resistance) and the
physi cal weight of the pile.

The shearing resistance of the soil-pile interface is conputed
differently for cohesive soils than it is for cohesionless

soils. The internal angle of friction of the soil is not
utilized for poured-in-place piles because in hard ground (high
friction angle) the drilling operation |oosens the adjacent
soil, and in loose ground (low friction angle) the drilling

operation tends to conpact the adjacent soil particles.

Utimate pile resistance to uplift is determned by adding the
wei ght of the pile to the quantity of the appropriate unit
shearing resistance value multiplied by the surface area of the
pile. No additional provisions are nmade for irregularities
along the pile-soil interface.

Resistance to pile uplift = ndzS + pile weight

wher e:
= Pile diameter
z = Depth bel ow ground surface
S = Unit shearing resistance on the soil-pile

Interface, psf

Cenerally, working |load values are to be limted to no nore
than one-half the ultimate |oad val ues, which should provide a
m ni mrum safety factor of 2.

Pa%es_C-9-2 through C-9-3 illustrate pile uplift in
cohesionless type soils and pages C9-4 through C-9-5
illTustrate pile uplift in cohesive soils.

PILE UPLIFT I N COHESI ONLESS SO L

For cohesionless soil, the soil-pile friction (shearing
resi stance) may be conputed using the follow ng equation

S = fo, psf but S < 4,000 psf

where: _

B = 1.5 - 0.315(2)? but 0.25 < B < 1.2. A
unitless reduction factor for cohesionless
soils. '

o, = The effective overburden soil weight.
Below. the water table the weight of water
is subtracted from the soil unit weight so
that only the submerged soil weight is
used. : Ee- s
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EXAMPLE PROBLEM PILE UPLIFT I N COHESI ONLESS SO L

Determne the vertical |oad capacity of an 18 inch dianeter
pour ed-in-place concrete pile 12 feet Ion% enbedded vertically
10 feet in the ground. The water table will rise about 4 feet
up fromthe pile tip at the anticipated tinme of |oad
application. Soil paraneters are as follows:

A
Soil internal friction v
angle ¢ = 30° N T‘W

Unit weight of concrete i b ?-§

Y. = 145 pcf

Unit weight of soil L
Y. = 100 pcf

-
0
N
S

| { [
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R A A D
A > O
VWher e: e
AB = The pressure due to the weight of the soil.
BC = The pressure due to the weight of the
wat er . _
= Length of the pile.
d=Pile diameter = 1.5 feet.

Sol ution:
Unit shearing resistance:

B = 1.5 - 0.315(2)” = 1.5 - 0.315(10)® = 0.5 0.K.
z = 10/ but z,, = 6’ and 2z mepy = 4’

o, = 6(100) + 4(100 - 62.4) = 750 pcf

S Bo, = 0.5(750) = 375 psf < 4,000 psf O.K.

Net pile shearing resistance = (Pile surface area)S

= 7dzS = m(1.5) (10) (375)
17,671 Lbs

7d’Ly, _ m(1.5)2(12) (145)
4 4

Utimate | oad capacity = Net pile shearing resistance
+ Pile weight

= 17,671 + 3,075 = 20, 746 Lbs

Pile weight = = 3,075 Lbs

Working load (V) = Ultlma;:e load _ (20,2746) - 10,373 Lbs
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PILE UPLIFT IN COHESI VE SO L

The soil-pile friction equations for cohesive soils differ
substantially for pile penetrations of less than 5 feet versus
piles over 5 feet in depth. The equations also depend on
whether the pile is greater or less than 18 inches in dianeter.

Shearing resistance = wdzs
Were S =,

Unit shearing resistance, but S < 5,500 psf.

S =

C = Soil cohesion (undrained shear strength).

z = Depth below ground surface in feet.

d = Dianeter of the pile.

a,= An enpirical unitless reduction factor derived

from | oad testing which accounts for clay
shrinkage and lateral pile loadings. This
vari abl e depends on the depth of pile pene-
tration, having one value for a depth up to 5
feet, and another for penetration over 5 feet.

Reduction factor a,for pile dianeters (d) greater than 18":

The reduction factor a,for the first 5 feet of
penetration is 0. The reduction factor renmains constant
at ¢, = 0.55 for all depths greater that 5 feet. This nay

z —

be expressed in equation form as:

1. For short piles, 5 or less enbednent:
®05 = O for 0 <z < 5 feet
2 . For pile lengths with 5 or nore enbednent:

Qpos =0 for 0 <z <5 feet

@55 = 0.55 for 2 > 5 feet

Reduction factor ea,for pile dianeters (d) 18" or |ess:
The reduction for the top 5 of pile varies from 0 at

z =0 to 0.55 at z =5, then remains constant at 0.55

for all depths greater than 5 . For lengths of pile
between 0 and 5, prorate the reduction factor. This

concept may be expressed in equation form as:

1 . For short piles, 5 or |ess enbednent:
_,0+0.55, z _ z
@05 = (___2__._).g = (0.275) 2

= (0 055)z
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2. For pile lengths with 5 or
O + 0.55
Qyoosy = L___i__.)é =(o.275)§
= (0.055)z
@us 5 = 0.55

EXAMPLE PROBLEM PILE UPLIFT IN COHESIVE SO L

Determ ne the vertical (
pour ed-in-place concrete pile 12 feet
10 feet in-cohesive soi

nor e enbednment :

| oad capacity of an 18 inch dianeter
| ong enbedded vertically
wi th an average undrained shear

strength value of 910 psf where the concrete unit weight ycis
145 pcf and the soil unit weight ., is 110 pcf.
Sol ution: ?V
N —1
@05 = (0.055)2 L
= (0.055)5 = 0.275 i | Ei
@55 = 0.55 é //
. | !é }/////
Se-5 = ¥ps5C PSE R 'E 7 ;// P
_ - ) / ! S / / ,
= 0.275(910) = 250 psf o sl L 9% /// /
Si>5 = x> 5C g 5
3 / /\
= 0.55(910) = 500 psf 3
Wher e: _ _
AB = The pressure due to the weight of the soil.
L,:= Length of the pile.
d = pile diameter = 1.5 feet.
Net shearing resistance = 7#d[(5)S,, + (2-5)S]
=7(1.5)[(5) (250) + (10-5) (500) ]
=7 (1.5)(3750) = 17,671 Lbs
Pile weight =."22L;n =.Z£3£52f(12)(145) = 3,075 Lbs
Utimate | oad capacity = Net pile shearing resistance
+ Pile weight
= 17,671 + 3,075 = 20, 746 Lbs
Working load (V) = Ultima;e load _ 202346 = — ... 10,373 Lbs
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LATERAL LOADS

Tests have shown that soil resistance to lateral pile |oading
Is greater than that predicted by Rankine equations. For clays
the ultimte ﬁassive resi stance can be as large as 9 tinmes the
shear strength (C, and for cohesionless soils the ultimate
resistance can be 3 tinmes as large as conputed Ranki ne val ues.
The soil resistance acting on isolated piles to a |ateral force
applied at or near the ground surface may be sonewhat depicted
as shown in Figure 1.

Conveni ent concepts and equations have been devel oped by Brons
for cohesive and cohesionless soils. If a few inportant soi
properties are known, or Can be determned, it is possible to
conpute soil resisting values and pile nonents resulting from
th% application of lateral pile forces at or near the ground
surf ace.

Utimate pile resistance to lateral |oading nmay be determ ned
b¥ failure of the soil along the total pile length in the case
of short piles, or by the yield nonent of the pile itself for

| onger piles. Short unrestrained piles are those piles

having a length to dianeter ratio (L/d) of 20 or |ess providing
the yreld nonment (M) of the pile will be greater than the

maxi mum resi sting noment (Myg) furnished by the soil

FI GURE 1

Enbednent of piles should be a mninumof 4 times the pile

di aneter to achieve sufficient soil resisting capacity. The
oint of rotation of rigid shortn%iles may be assuned to occur
etween 0.70 to 0.75 tines the enbedded | ength; where the

IarPer val ue coincides with the |largest |ateral |oadings.

Soi| resisting values are determ ned by using the |ateral
resisting value of up to 3 times the passive coefficient K, for

cohesi onl ess soil and as nuch as 9 tines the undrained shear
strength C, of cohesive soils.

FALSEWORK MEMO NO. 9 (11/91)

C-9-6



Piles may be considered to act individually provided the pile
Sﬁacing exceeds 4 pile dianeters. Wen piles are spaced cl oser
than 2 pile dianeters, the piles and the soil wthin the pile
group may be considered to act as a single unit.

As piles under |oad deflect they place the forward soil in a
assive condition. Wen a pile is in clay, a void will be |eft
ehind the pulled pile until the clay crunbles or swells. Wen

a pileis in granular material, the soil will soon fill the
vol d behind the pulled pile. Wen a pile is unloaded, it wll
generally not return to its original position; sone of the

pul l ed deflection will remain. It can readily be seen that
unl oading and reloading a pile greatly decreases the soils
nmonment capacity for that pile.

Ceneral ly, working |oad values are to be limted to no nore
than one-half the ultimate |oad val ues, which should provide a
m ni mum safety factor of 2 assumng a one time |oading of the
soi|l around the pile.

For each subsequent time a pile is to be |loaded in the sane
direction, an additional safety factor of 0.25 is to be added
to the previous value as defined by the follow ng:

SF =2 + (X-1)(0. 25)
wher e:

SF
X

Safety factor _ _
Nunber of uses in the sanme direction for
t he sanme horizontal conponent.

LATERAL LOADI NG I N COHESI ONLESS SO LS

Consi derations used for piles in-cohesionless soil include
I ncreasi ng the Ranki ne passive resistance by a factor of 3,
ignoring active pressures on the back side of the pile, and
assumng that soil along the total length of buried pile
provi des resistance at the nonent of | oading.

Figure 2 depicts soil pressure diagrans for short and |ong
isolated piles in cohesionless soil. The passive resistance at
the toe of the short piles is replaced by a concentrated | oad
acting at the pile tip to sinplify the nonent equation. A
plastic hinge is assuned for long piles and the maxi num bending
moment will be limted to the yield noment (M) of the pile.

The maxi mum nonment for short piles occurs at the |ocation of
zero shear. For granularsoils this plane of zero shear is
| ocated at a pile depth of e + f, below the plane of
application of the lateral |oad. The distance £, equals the
length fromthe ground surface to the plane of zeéero-shear.
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FI GURE 2
Equating lateral forces gives:
H
2 . U
(£:) 1.57.dK,

The maxi mum nonent occurs at a depth of e + £,:

2f
Myr = Hyrr [e + —35]

Based on failure of the soil

|f the noment My;is calculated to be greater than the pile
limting yield noment M, a long pile is indicated and therefore
Hyyust be limted by using Mgr= M.

Figure 3 contains curves devel oped bﬁ Bronms which relate the
pil e embednent length ratio L/d to the ultimate lateral soi
resistance for various e/L ratios. Hy; can be determned for
short piles by using Figure 3.

Figure 4 may be used for long piles. Brons' curves for values
of e/d relate the soil ultinmate lateral resistance to the yield

moment of the pile. This figure is used when the pile
enbednment length ratio L/d is greater than 20 and when the
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yield nonent of the pile is less than the ultimte lateral soi
resi st ance.

The nmaxi num safe single use working load for free headed piles
in cohesionless soils my be taken as one-half of the ultinate
| oad val ues.

EXAMPLE PROBLEM LATERAL LOADING IN COHESI ONLESS SO L

Design = 3,800 Lbs
H = 2,687 Lbs
- V = 2,687 Lbs
‘7‘- ———ve ¢ = 30°
Y. = 110 pcf
Y. = 145 pcf
L = g’/-0o"
pile d = 1/-6"
L e =2/-0"
Singl e use | oading
L'

— d e
Sol uti on:

K, = tan?(45° + ‘_;) = 3.00 (for level ground surface)

L/d = 5.33 e/d = 1.33

From Figure 3:

HULT3 =5 when e = 2'-0"
Kyyd

HULT = Kya®(5) = (3.0)(110)(1.5)%(5) = 5,569 Lbs

Working Load Value for H = 5’369 = 2,784 > 2,687 Lbs
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Compute f, and My:

172 12
£ = [ Hur ] - [ 5,569 } = 2.74 feet
P

1.5y dK 1.5(110) (1.5) (3.0)

2f
My = HULT[e . 5t ]: 5,559[ 2+ _(_2_)%'73_). ] = 21,311 Ft-Lb
21,311 10,656 Ft-Lbs

Working Load Value for M = 2

LATERAL LOADING IN COHESI VE SO LS

The ultimate soil resistance for piles in cohesive soils

i ncreases to some maxi mum val ue at approximately 3 pile

di ameters bel ow the ground surface then remains fairly constant
at greater depth. Literature suggests using a soi

di stribution of zero between ground surface and a depth of 1.5
times the pile dianeter (1.5d) and then using a value of 9
times the undrained shear strength (9C,) for the remainder of

the pile depth.

Hyr
o ,'? ' 1.5d ‘
'jw r'é!wrrlmwnwln«w
SHGQT v’n: E f g
‘ ¥
PI LE W =H
: 8
JLiﬂ 56 it
My
1.5d
Jf
LONG
Pl LE

L

FI GURE 5

Figure 5 depicts soil pressure diagrans for short and for |ong
piles in cohesive soils. Short piles have a limting enbednent
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| ength ratio of L/d = 20. Piles having L/d ratios in excess of
20 are considered to be long piles. For long piles a plastic
hinge is assumed in the vicinity of the maxi mum nonent. The
yield monent M, of long piles will generally limt the soil

resi sting maxi num nmonent  MgyrSO that My = My should be used.

The maxi mum nonent for short piles occurs at the |ocation of

zero shear. For cohesive soils the plane of zero shear is

| ocated at a pile depth of e + 1.5d + f<h bel ow t he pl ane of
_-I-.

application of the horizontal force. e di stance £, devel ops
from equating horizontal forces:

f. = Hyo/9C,d
The maximum moment occurs at a depth of e + 1.5d + f.:
Myr = Hpp(e + 1.5d + 0.5f.)
Based on failure of the soil.
If the monent My S calculated, to be greater than the yield

moment M, of the pile, a long pile is indicated and Hyy Nust be
limted by using My = My.

i st/

T/

LTI /gs/
N Y % j

10

7 "
p’ =8
4 8 12 16 20
iEmbedment Length L/d

(o)l
o
.

)]
o
o

N\

Ultimate Lateral Resistance Hu/Cud2

o

FIGURE 6
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Figure 6 contains curves devel oped by Bronms for short piles
which relates the pile enbedment depth ratio L/d to the
ultimate lateral soil resistance for various e/d ratios.
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FI GURE 7

Figure 7 may be used for long piles. Curves devel oped by Brons
for e/d values relate the soils ultinmate lateral resistance to
the yield nmoment of the pile. This figure is used when the
pil e enbednment length ratio L/d is greater than 20 and when the
yield monent of the pile is less than the nmonent due to the
ultimate lateral soil resistance.

The safe single use working load for free headed piles in

coPesive soil may be taken as one-half of the ultimte |oad
val ue.
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EXAVPLE PROBLEM LATERAL LQADI NG I N CCHESI VE SO L

e C, = 1,000 psf
Y ] Y¥s = 110 pcf
hge) Y. = 145 pcf
L = 87~-0"n
pile d = 1/-6"
e = 2’_0"
L Si ngl e use | oading

Determ ne the allowabl e
| oading for this pile:

Sol ution:
L/d = 5.33 ela =2/1.5 =1.33

From Fi gure 6:

H
T ~ 5.5 whene = 2/ - g"
c a2

u

Hyr = C,d%(5.5) = (1,000) (1.5)2(5.5) = 12,375 Lbs

Working Load Value for H = .2'2_3?_5 = 6,188 Lbs

-Compute f, and My :

H,
f = _ULT _ 12,375 = 0.917 feet

° 9Ccd 9(1,000)(1.5)

£
Hm_.r{e +1.5d + 3 ]

Myr = = (12,375)[ 2 + 2.25 + 0.46 ]
= 58,266 Ft-Lb
Working Load Value for M = 5_8'2_2.§_6_ = 29,133 Ft-Lbs
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CONCRETE STRESSES

Concrete stresses in the pile may be conputed by rigorous

anal ysis; or nmay be approxi mted by assum ng an average
conpressive condition over one-half of the pile wdth. The
maxi mum conpressive stress is located on one face of the pile,
It should be assuned that the concrete will not take tensile
forces on the other half of the pile. Tensile forces will be
resisted by reinforcing steel.

For sinplified conpressive anal ysis use:

. Md v
Compressive stress f_ = —— - —
P T 13 R
Were: d = Pile dianeter. _
I,= Ment of Inertia on the gross pile

section. _ _
A= G oss cross-sectional pile area.

V' = Tensile force (vertical force conponent)
| ess pile weight above plane of zero Shear.
Distance frompile top to the plane of zero
shear is defined as My /Hy-

The conputed maxi mum conpressive stress £, shall not be greater
than one-half of the concrete cylinder strength (£/,)
anticipated at the time the pile is to be |oaded:

The all owabl e shear in the pile (Vy normal to the pile
shoul d not exceed 2 tines the square root of £/  (2/T70).

EXAMPLE PROBLEM CONCRETE STRESS

@
s/ |1
S
Vmax = 6,188 Lbs
. . Hyx = 6,188 Lbs
v Myux = 29,133 Ft-Lbs
o L = 8’-0"
pile @ = 1/-6"
e =2’'- 0"
£/, = 3,250
L _ .
Singrfe use [oading
_ Determ ne the concrete stress
v for this pile:
T =g e
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Sol ution:

Wth forces acting through the center of the pile consider one-
half of pile in conpression.

Use the sinplified equation:

_ Ma _ v/
¢ 21 A,
where V' = 6,188 mnus the pile weight above the plane of zero
shear.
M M
Distance to plane of zero shear =~ 1T ~ _MAX
HULT HMAX
= ___29’133 = 4.7 feet
6,188

Pile Weight = (4.7 + 2) (7.) (7) (.‘23)2

6.7 (145) (m) (..1_52)2 = 1,717 Lbs

V' =6,188 - 1,717 = 4,471 Lbs

£ - 29,133(12)(1.5)(12) _ 4,471
¢ 2(5153.0) 254.5

4

. £
611 - 18 = 593 ps1 < 1,625 = T‘

BAR REI NFORCI NG STRESSES

Bar reinforcing steel stresses may be anal yzed by rigorous
nmet hods; or may be approxi mated by nmaki ng several assunptions.

| gnore concrete stress and assunme the pile nmonent is to be
resisted by the reinforcing steel. For symmetrical reinforcing
it can be assunmed that the reinforcing takes conpression as
well as tension. A sinplified equation may be used to
determine the tensile reinforcingsteel stress.

. Md ’
Tensile stress £, = T ‘2 + .;%
bars

S

Wer e: d; = Distance between center of gravity of bars
either side of the pile neutral axis.
Tos = (I, + A(4,/2)%] = ZA(4,/2)°
V' = Tensile force (vertical force conponent)

| ess wei ght of pile above plane of zero
shear, which is |ocated a distance of
Mur/Hur bel ow the pile top.

Area of bars either side of the neutral
axis.
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For 2 reinforcing bars, one either side of the pile center |ine
symmetrically placed, the sinplified equations is:

Md’
2 v’ M v’

£, = + = +

s 3 TA, Ad, =A,
(2)A, {7’

The al |l owable stress in the reinforcing steel (F,) should not
exceed 0.70 F,.

EXAMPLE PROBLEM BAR REI NFORCI NG STRESS

6,188 Lbs

Hyax = 6,188 Lbs

Myax = 29,133 Ft-Lbs
= 8’-0O"

pile d = 1’/-6"

e = 2/-0"

VM.AX

o

Reinforcing = 2 - #8
f? radehGQ barisI fhjl I2
R ength installed 2"
2-No .8 bars clear placed
symmetrically along the

L H pile axis.
Singl e use | oading
SECTION A-A Det ermine the bar reinforcing
stress in this pile:
C —ide=—
Sol uti on:
d, =dg - 2(2" clear) - 2(d,,/2) =18 - 2(2) - 2(1.0/2) = 13"
A, =0.79 in?
A, = 2(0.79) = 1.58 in?
V/ =6,188 - 1,717 = 4,471 Lbs
e - M ¥V’ _29,133(12) | 4,471

s Ad, ZA, (0.79) (13) 1.58

34,041 + 2,830

36,871 < 0.7(60,000) = 42,000 psi == --
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RESI STANCE TO COMVBI NED UPLIFT AND HORI ZONTAL LOAD

e
in
er

t

| oad tests have confirnmed that the uplift resistance of

g is increased when the pile is also subjected to a

ateral |oading. Therefore it is believed acceptable to sinply
| conmbi ned | oadi ngs so as not to exceed the permissible
(safety factors considered) Hyrand = Viyr | o0adings.

FI GURE 8

Design load is limted to the smaller of either v/siné or
H/cosf.

FI GURE 9
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Tests have al so denonstrated that when the top of the pile is
battered toward the load its lateral capacity is substantially
greater than when battered away fromthe |oad. H and V force
conponents for battered piles are derived in the sane manner as
for plunb piles. The design load is then limted to the | esser
of the Hor V load resolved to the slope at which the design
load will be acting. Piles battered toward and away fromthe
design |l oading are depicted in Figure 9.

EXAMPLE PROBLEM COVBI NED UPLIFT _AND LATERAL LOAD

A plunmb pile has these |oad capacities:

Vit = 15,800 Lbs Hut = 11, 900 Lbs
What single use Design |load would the pile resist:

a) For a plunb pile?

b) For a pile that is battered 15° towards the |oad?
Sol ution:

a) Plumb pile

ST 15,800 Lbs
\ Design = ——4mM

! sin 30°

= 31,600 Lbs

11,900 Lbs

Design

Cos 30°

= 13,741 Lbs

The design |oading of 13,741 pounds governs.

13,741

5 = 6,871 Lbs

Design working load =
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b) Battered pile

15,800

Design =
S1in 45°

22,345 Lbs

11,900

Design = ‘-
Cos 45°

16,829 Lbs

Working Load:

16,829

5 = 8,415 Lbs

The forgoing equations may be used when the horizontal force H
is to be less than the conputed ultimate lateral force Hy;.
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EXAMPLE PROBLEM

A contractor proposes to use an 18 inch dianeter poured in-
%I ace concrete pile as an anchorage for his fal sework cable
racing. Prior. to being used for bracing the falsework this
pile wll be used as an anchorage for the colum reinforcing

cage and form

This anchor pile will be subjected to three short termloads in
the sane direction.

@e‘gﬁ/ s il
3 Y, = 110 pcf

Y. = 145 pcft
Minimum £/, = 3250 psi
: 2-#5 bars each side of
P centerline, grade 60,

full length

a =2 in

b=61/4 in

Design = 8,000 Lbs
. 0 35°°

e 1.2 Ft
° L 12 Ft - with lower
2 Ft submerged

AL——?—— SECTION A-A
= d k==

Const ant Par anet ers

K = tan?(45° + ¢/2) = 3.69

-]

=1-2 _o.8

T 1.

wm

=_}_2_ =8.0

© ol ol

1.5
0 < 20 (neets short pile criteria)

2
Pile Area = EEL = 254.5 in?

. na? .
Pile I, = -7 - 5,153.0 in®

£ _ 3,250
X Z -

= 1,625 psi
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V, = 2yF7. = 2/3250 = 114 psi

A, = 0.31 in* 4, = 0.625 in

allowable £ = 0.70 £, = 0.70(60,000) = 42,000 psi

1. C earance

Check distance fromcenter of pile to center of bar.

9 in - {[(6.25)2 +(2)2]" - o.gzs

a =2b = (2)(6.25) = 12.50 in

} =2.06 >2 in O.K.

2. Load Conponents

Hpesion = Design cos 35° = (8,000 (cos 35°) = 6,553 Lbs
Vpesien = Design sin 35° = (8,000 (sin 35°) = 4,589 Lbs

3. Saf ety Fact or

SF =20+ (x-1)(0.25) = 2.0 + (3-1)(0.25)
2.5 for lateral soil [|oading

4, Uplift Capacity Dependent Upon Soil Properties
$: Bo, Wwhere:

Z

gz

12 ft with Z, = 10’ and Z,, = 2’
(10) (110) + 2(110 - 62.4) = 1,195 pcf

B =1.5-0.315(12)" =0.41 > 0.25 O.K.
S = .41(1,195) = 490 psf < 4,000 psf 0.K

Net pile shearing resistance = =ndzs
(m) (1.5) (12) (490)
= 27,709 Lbs
- m(1.5)2(13.2) (145)
4

Utimate | oad capacity = 27,709 + 3,382 = 31,091 Lbs

Pile weight = 3,382 Lbs

Wrking |oad = 3_1209_1 = 15,546 Lbs > 4,589 Lbs O K.
This soil is capable of resisting the applied vertical |oad.
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5. Lateral Capacity Dependent Upon Soil Properties

4d = (4) (1.5) = 6.0 < 12' (Meets m ni num enbednent |ength
requirements)

Use weighted average of effective soil densities to

account for variable soil |ayers.
y, = (10) (110) + (2) (110 - 62.4) _ o9 ¢ pef
12
H
From Figure 3: “”3 ~ 16
Kp'ysd
Hyr = K,7,d°(16) = (3.69)(99.6) (1.5)%(16) = 19,846 Lbs
f = __h:_:luz
& 1.57dK,
19,846 ” )
= = 4.90 feet
[1.5(99.6) (1,5)(3.69)} =<

2f
Hur @ + —*

My =
- (19;846)[ 1.2 + (_Z)Lgi‘ﬂ } = 88,645 Ft-Lbs
Working Load Value for Hy . = _1_95'_854_6_ = 7,938 Lbs > 6,553 Lbs
Working Load Value for My = 3%%‘15 = 35,458 Ft-Lbs
The soil is capable of resisting the applied horizontal | oad.

6 . Pil e Adequacy

Pile capacity is to be based on design loads. The lateral
force Hpggoy may be substituted for Hy; and Mpggen fOr My :
in the critical soil equations.
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Vpesion = 4,589 Lbs

Hpeqon = 6,553 Lbs

f - HULT &
& 1.5vdk,
6,553 12
f = ! = 2.82 Ft _
& [(1.5)(99.6)(1.5)(3.‘69) ] 2.82 F

A
wr(® * —°
Mpegon = (6,553)[ 1.2 + .(ﬂi__s_?.)_] = 20,183 Ft-Lbs

M
Depth to plane of zero shear of pile ~ _DBION 20,183 3 o5 pt
: Hpesion 6,553

7. Concrete Stress

- 2
Pile weight = (3.08 + 1.2)%1:(.;3)

1.5

= (4.28) (140) (ﬂ)(_z_)z = 1,059 Lbs

V’ = 4,589 - 1,059 = 3,530 Lbs
£ =M _ VvV
2T, T,

f = (20,183) (12)(1.5)(12) _ 3,530
© (2) (5,153) >54.5

. . £
423 - 14 = 409 ps1 < 1,625 psi = 2° O.K.

. v 6,553
*  0.5bd (0.5) (254.5)

= 51 psi < 114 psi

8. Bar Reinforcing Stress
£ -_M _ V/ _  (20,183)(12) _ 3,530
* Ad, TA, 2(0.31)(12.50) 1.24

31,251 + 2,847 = 34,098 < 0.7(60,000) psi O.K.

This pile is capable of resisting the applied |oads. The pile
Is satisfactory for use as designed by the contractor.
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